Client acceptance policies and procedures are important elements of a public accounting firm's quality control system. The purpose of this paper is to demonstrate the use of fuzzy sets and fuzzy numbers as a means of enhancing and refining the authoritative client acceptance guidelines. The paper illustrates how fuzzy sets can be used to capture the beliefs of one or several partners assessing the factors involved in the client acceptance decision, and then to build a fuzzy model that combines these assessments to determine whether a client should be accepted. The fuzzy models can be used as an alternative to or in combination with traditional decision making approaches.
INTRODUCTION
The purpose of this paper is to demonstrate the use of fuzzy sets in measuring and combining risk factors to assist in client acceptance decisions. The paper illustrates how fuzzy sets can be used to capture the beliefs of one or several partners assessing the factors involved in client acceptance, and then to build a fuzzy model that summarizes these assessments to determine whether a client should be accepted. The fuzzy models can be used as alternatives to or in combination with traditional decision-making approaches.
Research has shown that client characteristics are associated with litigation risk 1121, audit scope [15], and audit fees 171. The related issues of client characteristics and client acceptance are important to every firm. Guidance has been available from the accounting profession in the form of standards, but evidently that has not been enough. Is there a means of enhancing and refining the "client acceptance" decision?
CLIENT ACCEPTANCE ISSUES
Client acceptance issues are not new to the profession. The American Institute of Certified Public Accountants (AICPA) Audit and-Accounting Manual [2] provides an example of the factors that should be examined when prospective audit engagements are considered for acceptance. Hardy and Deppe [6] suggest utilizing a different categorization scheme comprised of five dimensions: management integrity, relationships with other professionals, risk of association, technical competence, and professional fees. While a categorization scheme may have the potential to measure and combine the information in a different and possibly more effective fashion, most public accounting firms have adopted a checklist or questionnaire approach that is similar to the materials provided in the Audit and Accounting Manual.
This research builds upon the AICPA's work by utilizing it to develop an intuitive model of how the client acceptance decision is made in practice, identifying the difficulties of this decision approach, and demonstrating how a fuzzy set approach could assist the decision maker. A model that indicates the intuitive thinking and the judgments that must be made before a client is accepted can be specified as follows: P(UCA) =AS, IP, OP, 0, A, MI) where P(UCA) is the probability of the prospective client's engagement partner making an unwise client acceptance decision. This decision is a function of the prospective client's engagement partner's reflections on six different factors: S, IP, OP, 0, A, MI. S reflects the likelihood of providing the needed services and reports that are being requested, IP reflects the conditions that exist as industry practices in the prospective client's industry, OP indicates the assessment of the organization and personnel of the prospective client and whether a person is in a position to manipulate the auditor relationship, 0 indicates the nature of operations and perhaps the client's resilience to adverse or difficult times, A reflects the assessment of the accounting system that is present and its appropriateness, MI indicates whether the prospective client's management is motivated and inclined to allow errors andor irregularities to exist in the financial statements. The questions associated with the above factors are shown in Exhibit 1.
In their effort to adopt policies and procedures regarding client acceptance, most firms have adopted client acceptance checklists and questionnaires that probe the client for information in the areas of interest described above. outcome to each variable, combines these different variables and arrives at a final conclusion about client acceptance. Information is initially sought at a preliminary conference which occurs as soon as possible after the initial expression of interest. It may take several weeks before the investigations and discussions are completed and a final decision is made.
In the authors' opinions, the most important variable is management integrity. There is little doubt that public accounting firms seek to avoid firms where the integrity of management is unacceptable.
However, how does a prospective engagement partner make an assessment of a subjective area such as integrity? Questions that might appear on a questionnaire are shown in the Exhibit 1.
Each of the factors of interest would have a list of questions that reflect the concern of the firm and indicate possible problems. Responses can appear either in a binary yesho form or in a paragraph that captures a subjective evaluation. The decision-maker must collect information about management integrity and arrive at a judgment that can be utilized in the final assessment and decision of client acceptance.
Although the AICPA suggests the use of questionnaires that promote structure and thoroughness, little guidance is available. Murphy (1980) observed that the use of a checklist as an audit procedure is not very useful unless the auditor has the requisite experience and judgment to discover the patterns among the conflicting signals and reach reasonable conclusions. Checklist have also been criticized as: (a) users' may assign equal weight to each question, (b) questionnaire may lead to an information overload, and (c) users' may think that they have considered all factors and miss the most important cues [14] .
The problem with the utilization of a questionnaire is that the prospective engagement partner is frequently constrained to respond in a yesino fashion. Questionnaire usage promotes making variables into binary (yes or no, 0 or I) variables. However, the differences that exist in the real world are largely ignored under this approach. For instance, when an engagement partner is considering the management integrity of a prospective client, that person might consider the question "Has the prospective client been evasive, guarded, or glib when responding to inquiries?" Responding to this question in a yes or no response would fail to portray the different levels of communication that could be present.
It is the authors' opinions that valuable information is lost when binary responses are sought. Although some queries lend themselves to yesho answers, many do not. Little research has been performed to determine the possible adverse effect of collecting information primarily in this form. However, intuitively it seems illogical that combining binary information over several questions to arrive at a final conclusion regarding a factor such as management integrity would promote accuracy.
Secondly, little guidance is available to assist a decision-maker when weighting the different factors. The previously described intuitive model identified factors such as: services and reports, industry practices, organization and personnel, nature of operations, accounting issues, and management integrity. How should these different factors be weighted when arriving at a final decision about client acceptance? Earlier comments indicate that the authors feel management integrity is the most important. However, does it possess twice the importance as the other variables? Neither academic research nor the AICPA provides direction in aggregating the information collected from the questionnaires regarding the different variables. An approach to aggregating that allows the decision-maker the opportunity to vary the weighting of the variable would support decision making.
A FUZZY NUMBER BASED DECISION AID
Fuzzy models (models that use fuzzy set theory, fuzzy logic, or fuzzy numbers) have been successfully applied to many accounting problems. For example, cost allocation to maximize profits [3] , assessing the cost benefit trade-offs of investigating cost variances [4] , assessing the auditor's materiality decision [9] , and detecting client irregularities [ 131. Similarly, this paper examines the application of fuzzy set theory to the problem of assessing the risk of accepting a client.
A model of client acceptance decision posited in the paper postulates the risk of unwise client acceptance decision as a function of six factors P(UCA) =AS, IP, OP, 0, A, MI)
As seen earlier, we can use fuzzy set to capture knowledge of the auditor(s) regarding each question and then we can combine these fuzzy sets to arrive at the ultimate conclusion. These concepts can be operationalized by using fuzzy numbers. The notion of fuzzy numbers is contained in the theory of fuzzy sets. Fuzzy numbers are used to describe variables that are uncertain, for example, sales forecasts, cost estimates, or in the context of client acceptance decision the questions related to various factors.
A fuzzy number represents a range of possible values instead of the single (precise or discrete) value a crisp number represents. Each possible value in the fuzzy number range has a possibility level (also called a confidence level or a presumption level) or belief attached to it. A fuzzy number needs three values or points (maximum, minimum, or possible) for a complete definition. If less than three values are available then crisp numbers may suffice for a complete definition and we do not need fuzzy numbers. However, a fuzzy number can include more than three points to completely represent knowledge. For a complete discussion of the mathematical foundation of fuzzy numbers, fuzzy number properties, and fuzzy arithmetic, see [SI.
Fuzzy numbers can help auditors in the measurement and combination of various questions that ultimately contribute to the client acceptance decision. The questions in AICPA Audit and Accounting Manual are fuzzy in the sense that they cannot be quantified precisely. There are a number of questions associated with each client acceptance factor and fuzzy numbers can be used to measure these questions.
For example, consider the earlier question "Has the prospective client been evasive, guarded, or glib when responding to inquiries?" This question need not be answered as "yes" or "no." It is possible to capture the uncertain knowledge using three values: on a 0 to 1 scale. For example, the engagement partner believes that the client is honest at least 80% of the time but no more than 90% of the time, and the private investigator hired by the firm indicates that client is honest about 85% of the time. If the engagement partner is most comfortable (belief of one) with 85% estimate of client honesty, then using these three values, we can create a triangular belief graph, which is shown in Exhibit 2.' In the example given, 0.8500 can be called the "centroid," that is, the center of the graph, the value at which the belief graph would balance on the edge of a knife. This value is the best guess as to the most likely outcome, however, it is necessary to look at the associated belief graph to understand all other possible values and associated beliefs [ 5 ] . The belief graphs shown in Exhibit 2 have beliefs on Y axis and values (in this case the subjective estimate of client honesty) associated with these beliefs on X axis.
If two auditors disagree about the estimate of client honesty (that is, most comfortable value) then two comfortable values may emerge, say 80% and 90%. Incorporating these values will give a flat topped graph that represents a fuzzy number that has a high confidence for the values between 0.8 and 0.9 and the centroid of the graph is 0.8572. Note that to completely understand a fuzzy number it is necessary to look at the centroid as well as the associated distribution of beliefs. If the auditor knows with certainty that the client is honest then a value of 1.00, a crisp number can be used. Various possibilities are explored and presented in the graphs shown in Exhibit 2. These graphs show different ways in which uncertain information about client honesty can be captured and presented using fuzzy numbers.
In a similar fashion, each question for management integrity can be measured as a fuzzy number. Numerous auditor's beliefs along with incomplete or partial information can be utilized. The aggregation of these fuzzy numbers is more complex. The model of client acceptance decision postulated earlier stipulates that the probability of unwise client acceptance decision is a function of six factors: services, industry practices, organization and personnel, operations, accounting, and management integrity. Therefore, an effort must be made to aggregate questions for each factor and then combine these six factors to determine the probability of an unwise client acceptance decision.2 There are no statistical formulas to do this. However, fuzzy numbers can be mathematically manipulated by using fuzzy spreadsheets or fuzzy calculators.
For instance, if each question is considered equally important then management integrity can be evaluated as a simple average of all the fuzzy numbers. If we take simple average then the auditor's perception of "management integrity" is represented by a fuzzy number 0.8186, a centroid of a belief graph.' The flat topped belief graph indicates the estimate of management integrity has a high confidence (belief of one) for values between 0.8133 and 0.8216 and the highest and lowest bounds are 0.8777 and 0.7500 respectively. The complement (Not management integrity) of this belief graph is also a flat topped graph that has a high confidence for the values between 0.1784 and 0.1867 and the centroid of that fuzzy number is 0.1814. This fuzzy number has 0.2500 and ' These calculations are done by FuziCalc" (Version 1.51) for
Windows by FuziWare, Inc., which is a fuzzy number based spreadsheet.
Technically, probability and beliefs defined by fuzzy numbers are different. However, in practical applications these distinctions are not very important. For more details see [lo] .
These hypothetical calculations and graphs are available from authors. 0.1223 as the highest and lowest bounds (for "Not management integrity").
However, we are not constrained by simple averages. If certain questions are considered more important for a given engagement, those can be assigned more weight in aggregating the fuzzy numbers. These methods are useful in tailoring the client acceptance approach to each engagement and can be used to combine the judgment of different auditors. These calculations need to be performed for each factor.
However, judgment needs to be exercised in the evaluation of each factor. For example, in evaluating services we are faced with questions such as -what services and reports are requested? These questions have descriptive answers. Here instead of each question being a fuzzy set, S can be evaluated as a fuzzy set by mapping all the questions for S factor. For example, for questions included in the S factor, the engagement partner can evaluate whether the CPA firm is capable of providing services and reports requested, is the risk acceptable, does the firm have an understanding of regulatory requirements, can the firm complete the work in given time, and does the firm have expertise and additional staff to provide company other services. These answers can be framed as a fuzzy set. For example, the CPA firm may conclude that there is at least a 0.5 possibility that the firm will be able to provide a service, the maximum possibility that firm is capable of providing a service 0.7, and the most likely value or the best estimate of firm's capability is 0.6. Similar evaluations can be done for each of the six factors.
The problem of combining the factors to assess the probability of unwise client acceptance decision is even more complex. The literature does not provide guidance as to which factors are more important. It is also not clear whether these six factors should be added, multiplied, or evaluated separately. The aggregation of factors is clearly a matter of professional judgment. The fuzzy number approach can be used to add the factors or weigh those factors according to the judgment of the auditor. The advantage of fuzzy numbers is that they can be easily used to quickly build reasonably complex fuzzy models for aggregating factors. The ultimate result will be in the form of a fuzzy number that characterizes the belief of the auditor concerning the probability of making an unwise client acceptance decision. Users can perform sensitivity analysis by altering the assigned weights of the factors and categories.
CONCLUSIONS AND LIMITATIONS
This paper examines the use of hzzy sets in assessing client acceptance decisions. Neither the academic nor professional literature provides clear guidance on measurement and aggregation of information about client acceptance. The heavy reliance on questionnaires encourages the use of binary measurements, such as "yes" or "no." Such measurements involve loss of information since they exclude the possibility of partial presence of important factors. Also, once the questionnaires are completed, little guidance is available to assist in aggregating the information before a final decision is rendered.
Fuzzy set can provide a remedy to this problem. Fuzzy sets and fuzzy numbers can be used to measure the responses of engagement partners as they consider questions from questionnaires. if two or more auditors are used to consider a potential client then their beliefs can be combined to form a fuzzy set or a fuzzy number. Thus, it is possible to combine the beliefs of two or more partners. These fuzzy sets and fuzzy numbers then can be mathematically manipulated. This manipulation can help one to calculate the beliefs concerning six different factors in terms of fuzzy sets or fuzzy numbers. These six factors then can be combined either using fuzzy arithmetic or multi-objective decision methodology to calculate the illtimate risk of being associated with a prospective client.
This approach allows the partner to use hislher judgment. The weights for the mathematical combination of six factors can be determined by the partner according to each prospective client. The use of fuzzy sets allows for the incorporation of uncertainty and imprecision associated with measurement and combination of client information.
However, there are limitations to this approach. The use of fuzzy sets requires that practitioners become familiar with fuzzy sets and fuzzy numbers. Measuring factors such as management integrity using a fuzzy set approach may initially require more time than traditional checklists and the ultimate output is only as good as the input. This approach does not supplant but supplements the auditor's judgment. 
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Representation of the auditor's beliefs for the "Client Honesty" using fuzzy numbers Case 1: I believe that the client is honest (not evasive or glib) at least 80% of the times but no more than 90% of the times. However, the private detective hired by the firm indicates that the client is honest only 85% of the time. Fuzzy number centroid = 0.8500 Fuzzy number graph:
Case 2: I believe that the client is honest 80% of the time but my colleague believes that the client is honest at least 90% of the times but no more than 95%. Fuzzy number centroid = 0.8572 Fuzzy number graph:
Case 3: This is new audit for us. Based on the background information, I believe that minimum and maximum bounds on client honesty are 80% and 90% respectively. However, the concurring partner believes that client honesty is between 85% and 90%. Fuzzy number centroid = 0.8752 Fuzzy number graph:
Case 4: When the engagement discussion started the client honesty based on predecessor auditor's observation appeared to be 95% but now based on our background investigations, I believe that the client honesty is between 80% and 90%.
However, my partner suspects that it can be as low as 70%.
Fuzzy number centroid = 0.8355 Fuzzy number graph: 
